At present, chronic obstructive pulmonary disease (COPD) is considered as a systemic multiple syndrome pathologic process [1] . The most common comorbid diseases in COPD are ischemic heart disease, hypertension, obesity, diabetes mellitus, metabolic syndrome, osteoporosis, lung cancer, depression and other ailments [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Frequent combination of COPD and cardiovascular pathology is determined by a number of common factors: smoking, age, physical inactivity, overweight, obstructive sleep apnea, hypertensive effect of glucocorticoids, genetic predisposition [9] . COPD increases the risk of cardiovascular diseases at least two times [12] , and the course of COPD is often atypical, making timely diagnosing difficult [3] . Besides, the reduction of the forced expiratory volume in 1 second (FEV1) is found to be an independent risk factor of cardiovascular mortality [9, 10] .
A heavy uncontrolled COPD course with frequent exacerbations increases dramatically the rate of myocardial infarction incidence [13] . Metabolic syndrome may be revealed in 57.5% of COPD patients [3, 11] . Systemic inflammation, smoking, as well as genetic predisposition underlie this comorbidity [1, 3, 8] . Obesity significantly aggravates COPD, influencing spirogram values [2, 8] . Diabetes mellitus is diagnosed among the hospitalized patients with COPD in 14% of cases [7] . Availability of such serious accompanying pathological processes results in a significant worsening of patient general condition, their invalidization and the necessity to review the tactics of therapy [1, 14] .
Presently, COPD occupies the 4 th place among the causes of mortality in the population of the world, which makes the study of the disease extremely vital [1] . Such complications of severe COPD as pulmonary hypertension, remodeling of the right parts of the heart, cardiac rate disturbance and right ventricular insufficiency are being actively investigated [15] [16] [17] [18] . Of great interest is the definition of the risk factors of these changes in comorbid pathology in COPD patients.
The aim of the investigation was to determine priority risk factors of developing cor pulmonale in patients with chronic obstructive pulmonary disease using correlation analysis. Besides, all patients underwent Doppler echocardiography using logiq 5 Expert ultrasound system (General electric, USA). To define mean pulmonary arterial pressure (PAPm), we used the formula suggested by Kitabatake et al. [19] , which is believed to be the most optimal in case of COPD [16] . The degree of pulmonary hypertension was assessed according to a commonly accepted classification [20] . The following dimensions were also determined: the pulmonary artery trunk diameter (PATD), anterior-posterior and superiorinferior dimensions of the right atrium (APDRA and SIDRA) and ventricle (APDRV and SIDRV) at the end of the systole and diastole (e.g. APDRVsanterior-posterior dimension of the right ventricle at the end of the systole), anterior wall thickness of the right ventricle (AWRV), inferior vena cava diameter (IVC).
Statistical processing was carried out by means of Statistica 7.0 program. Criterion χ 2 was used for frequency comparison, while to compare two independent groups with normal parameter distribution Student t-test was applied. Special attention was paid to the correlation analysis. Pearson linear correlation (r), Spearman correlation coefficient (Rs), and Gamma criterion were calculated. In some cases, matrices of correlation coefficients were built.
Results and Discussion. It should be noted, that the examined patients were mainly at the age of slightly over 60, and the majority of them had a long history of cigarette smoking (See Table 1 ). Indices of ERF demonstrated mixed disturbances of pulmonary ventilation with predominantly severe bronchial obstruction. The values of CAT test were found to be mainly high. PAPm values in the group with severe COPD corresponded to the mild degree of pulmonary hypertension. And this value in patients with moderate COPD appeared to differ statistically significantly (p=0.001). The incidence of moderate pulmonary hypertension amounted to 0 and 15%, respectively (χ 2 =7.34; p=0.007), a severe degree of pulmonary hypertension was not found in the examined patients.
A marked left ventricular insufficiency was observed in 11% of patients with moderate COPD, and in 44% with a severe course (χ 2 =4.26; р=0.039). The incidence of hypertension was 91 and 72%, respectively. Obesity was diagnosed in 31 and 50% of patients, and only one patient with severe COPD had an insufficient body mass.
The most important risk factors of pulmonary T a b l e 1 hypertension and remodeling of the right parts of the heart in COPD are supposed to be: long-term and intensive smoking; severity of the disease itself; concomitant left ventricular insufficiency; obesity, primarily visceral, and so on.
The concomitant left ventricular insufficiency is not discussed in this work. We failed to estimate the correlation between the duration and intensity of smoking, on the one hand, and remodeling of the right parts of the heart and pulmonary hypertension, on the other. Various indices of COPD severity demonstrated associations with PAPm. Thus, there was revealed a positive correlation of this parameter with dyspnea according to mMRC scale (R S =0.270; p=0.026) and a negative one with SpO 2 (R S =-0.296; p=0.014).
Indices of remodeling of the right parts of the heart correlated with COPD severity in different ways (Table 2) . APDRVd correlated negatively with SpO 2 and positively with the dyspnea degree according to mMRC scale.
A statistically significant dependence of SIDRVd on dyspnea value was found. The correlation of dyspnea with anterior-posterior dimensions of the right atrium in systole and diastole was at the level of statistical tendency. Parameters of ERF correlated well with ultrasound indices of pulmonary hypertension. So, in the group of patients with severe COPD without marked left ventricular insufficiency (n=18), PATD value demonstrated statistically significant negative connections actually with all ventilation constants. Index PAPm positively correlated with FEV1 ( Figure 1) . Association of PAPm with MFR 25 was at the level of statistical tendency (r=-0.458; p=0.074).
The detected correlations between the nutritional status and Doppler echoCG parameters became an interesting finding for us. They appeared to be illustrative enough in the moderate COPD group (n=45) ( Table 3) . Index PAPm positively correlated with BMI and WM, SIDRAs was in the statistically significant positive relations with all indices of the nutritional status (See Table 3 , Figure 2 ). SIDRAd demonstrated statistically significant correlation with BMI and WM. It should be noted that in this group of patients anterior-posterior dimensions of the right atrium in contrast to superiorinferior ones did not increase in connection with obesity. Moreover, no correlations between nutritional status and dimensions of the right ventricle were found.
In numerous investigations, carried out previously [17, 18, 21] , it has been said, that cardiac remodeling in chronic bronchopulmonary pathology is caused not only by the pressure increase in the pulmonary artery
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Correlations between the parameters of nutritional status and remodeling of the right parts of the heart in patients with severe chronic obstructive pulmonary disease (hemodynamic theory), but by the activation of different neurohumoral factors as well. The correlation analysis in the group with a severe course (n=26) showed a somewhat different picture. Nutritional status parameters in this cohort correlated positively and statistically significantly with AWRV thickness (Table 4) . Additionally, there were revealed numerous links between the obesity degree and the right atrium dimensions in systole and diastole, not only superior-inferior but anterior-posterior as well. Correlations of nutritional status indices with IVC diameter were at the level of statistical tendency. Thus, a heavy course of COPD results in essentially more prominent changes of the right atrium geometry and the development of cor pulmonale.
Conclusion. A severe course of chronic obstructive pulmonary disease with low values of spirographic parameters correlates with pathological remodeling of the right parts of the heart and pulmonary hypertension. An essential risk factor of cor pulmonale development is comorbid abdominal obesity. The role of the latter especially grows in the group with severe chronic obstructive pulmonary disease. In our work, we failed to demonstrate a direct negative impact of intensive cigarette smoking on the development of cor pulmonale. A thoroughly conducted correlation analysis was of great value in revealing "intimate" mechanisms of developing remodeling of the right parts of the heart in chronic obstructive pulmonary disease in comorbid conditions. Study Funding and Conflicts of Interest. The work was not supported by any financial source, and there is no conflicts of interest related to this study.
